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What ve claim iai 



10 



A reagent composition which comprises an aqueous 
carrieAand an admixture of at least two different 
terminators of a nucleic acid template-dependent, 
primer extension reaction, each of the terminators 
being capable of specifically terminating the 
extension reaction in a manner strictly dependent on 
the identity\of the unpaired nucleotide base in the 
template immediately adjacent to, and downstream of, 
the 3' end ofvthe primer, and at least one of the 
terminators being labeled with a detectable marker. 



15 



A reagent of claim 1, wherein the reagent comprises 
four different terminators. 



W 

ry 
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A reagent of claim 2\ wherein two of the terminators 
are labeled, each~ Vith a different detectable 
marker . 



y 3 
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A reagent of claim 
terminators are labej) 
detectable marker. 

A reagent of claim 2, 
are labeled, each- with a 
marker . 



lerein three of the 
Jch with a different 



the four terminators 
lifferent detectable 
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A reagent of any of claims i^5 , wherein the 
terminator(s) comprise(s) a nucleotide or nucleotide 
analog. 



35 



A reagent of claim 6, wherein the ^erminator (s) 
comprise (s) dideoxynucleotides. 
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8. A \reagent of claim wherein the terminator (s) 
comprise (s) arabinoside triphosphates. 



9. 



10. 



10 



15 



20 



11. 



12. 



13, 
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A rekgent of claim^r^wherein the terminator (s) 
comprise (s) one or more of ddATP, ddCTP, ddGTP or 
ddTTP. 

A reagentVof any of claims 1-5, wherein each of the 
different \detectable markers Ts an isotopically 
labeled moiety, a chromophore, a fluorophore, a 
protein moiety, or a moiety to which an isotopically 
labeled moiety, a chromophore, a fluorophore, or a 
protein moiety; can be attached. 

A reagent of claim J L 0 i _wherein each of the different 
detectable markets is a different fluorophore. 

A reagent of any of\claims JL-5, w herein the reagent 
^further comprises pyrophosphatase. 

A method of deterrninin^\the identity of a nucleotide 
base at a specific posi(tion<j\ in a nucleic acid of 
interest which comprises r 

(a) treating a sanpleXfcontaining the nucleic 



acid of inter 



such nucleic acid is 
double-stranded7 so 4s to obtain unpaired 
nucleotide bases spanning the specific 
position, or directly Employing step (b) 
if the nucleic acid of interest is single- 
stranded ; 



35 



(b) contacting the sample from s6ep (a) , under 
hybridizing conditions, \ with an 
oligonucleotide primer which isv capable of 
hybridizing with a stretch of fmcleotide 
bases present in the nucleic \acid of 



interest, immediately adjacent to the 
nucleotide base to be identified, so as to 
form a duplex between the primer and the 
nucleic acid of interest such that the 
nucleotide base to be identified is the 
first unpaired base in the template 
immediately downstream of the 3' end of 
the primer in said duplex; 

(c) \ contacting the duplex from step (b) with a 
^reagent of claim 5, under conditions 
permitting base pairing of a complementary 
terminator present in the reagent with the 
nucleotide base to be identified and 
occurrence of a template-dependent, primer 
extension reaction so as to incorporate 
the terminator at the 3' end of the 
primer, \ the net result being that the 
primer \has been extended by one 
terminaton; and 



(d) determining 
marker pres 
extended prime" 
determining the 
base at tr 
nucleic acid of 



sntity of the detectable 
aA the 3' end of the 
step (c) and thereby 
:y of the nucleotide 
icific position in the 
iterest . 



A method of determining the identity of a nucleotide 
base at a specific position \n a nucleic acid of 
interest which comprises: 



(a) treating a sample containing the nucleic 
acid of interest, if suVh nucleic acid is 
double- stranded, so as tb obtain unpaired 
nucleotide bases spannina the specific 
position, or directly emp\oying step (b) 



# 
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if the nucleic acid of interest is single- 
stranded; 
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15 
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y(b) contacting the sample from step (a) , under 
hybridizing conditions, with an 
oligonucleotide primer which is capable of 
hybridizing with a stretch of nucleotide 
bases present in the nucleic acid of 
^interest, immediately adjacent to the 
Nucleotide base to be identified, so as to 
form a duplex between the primer and the 
nucleic acid of interest such that the 
nucleotide base to be identified is the 
first unpaired base in the template 
immediately downstream of the 3 f end of 
the ptdmer in said duplex; 

(c) contacting the duplex from step (b) with 
a reagentv of cla im 2, wherein only one of 
the terminators has a detectable marker, 
under cpnditibns permitting base pairing 
of a cciaplerten^ary/terminator present in 
the reagent *frth the nucleotide base to be 
identified Cooccurrence of a template- 
dependent^primervextension reaction so as 
to incorporate the terminator at the 3* 
end of the primerX the net result being 
that the primer hasN^een extended by one 
terminator; 

(d) repeating step (c) three^additional times, 
with a different one of Sach of the four 
terminators being labeled \Ln each of the 
four parallel reaction steps^; and, 

(e) determining which of the prodiicts of the 
four parallel template-depended , primer 
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extension reactions has a detectable 
marker present at the 3 • end of the primer 
and thereby determining the identity of 
the nucleotide base at the specific 
^position in the nucleic acid of interest. 

15. A method of\determining the presence or absence of 
a particular^ nucleotide sequence in a sample of 
nucleic acids Which comprises: 

(a) treating the sample of nucleic acids, if 
such sample of nucleic acids contains 
double-stranded nucleic acids, so as to 
obtain sdngle-stranded nuclei- acids, or 
directly employing step (b) if the sample 
of nucleic acids contains only single- 
stranded nucleic acids; 



20 



25 



(b) contacting 
hybridizinc 



from step (a) , under 
:ions, with an 
fcmer which is capable of 
hybridizing With ihe particular nucleotide 
sequence, if the\particular nucleotide 
sequence is present, so as to form a 
duplex between thk primer and the 
particular nucleotide ^sequence; 



30 



35 



(c) contacting the duplex, i* any, from step 
(b) with a reagent of claim 5, under 
conditions permitting baseNpairing of a 
complementary terminator present in the 
reagent with the unpaired\ template 
nucleotide base immediately downstream of 
the 3' end of the primer, the primer being 
hybridized with the particular nucleotide 
sequence in the template, and occurrence 
of a template-dependent, primer extension 
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reaction so as to incorporate the 
:erminator at the 3 1 end of the primer; 



10 



(d) determining the absence or presence and 
identity of a detectable marker at the 3 1 
end \of the primer from step (c) and 
thereby determining the presence or 
absence of the particular nucleotide 
sequence in the sample of nucleic acids. 



15 



20 



25 
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16. A method of determining the presence or absence of 
a particular nucleotide sequence in a sample of 
nucleic acids which comprises: 

(a) treating the\ sample of nucleic acids, if 
such sample of nucleic acids contains 
double-stranded /fmcl^lc acids, so as to 
obtain single-sxranded nucleic acids, or 
directly employing step (b) if the sample 
of nucleic acfids\ contains o/ly single- 
stranded nuclcfic aqids 

(b) contacting the\sampl4 from step (a) , under 
hybridizing \condi#ions, with an 
oligonucleotide primer which is capable of 
hybridizing with the particular nucleotide 
sequence, if the particular nucleotide 
sequence is present, so\ as to form a 
duplex between the primer and the 
particular nucleotide sequence; 



35 



(c) contacting the duplex, if an*, from step 
(b) with a reagent of cla im wherein 
only one of the terminators has a 
detectable marker, under conditions 
permitting base pairing of a complementary 
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terminator present in the reagent with the 
impaired template nucleotide base 
immediately downstream of the 3' end of 
tne primer, the primer being hybridized 
with the particular nucleotide sequence in 
the\ template, and occurrence of a 
template-dependent, primer extension 
reaction so as to incorporate the 
termii^tor at the 3' end of the primer; 

(d) repeating step (c) three additional times, 
with a different one of each of the four 
terminators being labeled in each of the 
four parallel reaction steps; and, 

(e) determining Nthe absence or presence and 
identity of a\ detectable marker at the 3* 
end of the pritaer in the products of each 
of the four parallel template-dependent, 
primer extension reactions and thereby 
determining the presence or absence of the 
particular nucleirttde^ sequence in the 
sample of nucleic acids. 



17 . A method of typing a sampl 

which comprises identifying t 
bases present at each 
positions, each such 



e corffcainirtg nucleic acids 
icleotide base or 
if 5*he\ or more specific 
nucleotide base being 



and 



identified using the method of claim 13 or 14^ 
each such specific position being determined using 
a different primer. 



18. A method of claim 17, wherein the identity of each 
nucleotide base or bases at each position is 
35 determined individually or wherein the identities of 

the nucleotide bases at different positions are 
determined simultaneously. 



19. 



20, 



10 



15 



20 



21. 



25 
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A method of typing a sample containing nucleic acids 
which comprises determining the presence or absence 
of one on more particular nucleotide sequences, the 
presence or absence of each such nucleotide sequence 
being determined by the method of claim 15^or 16. 

A method of typing a sample containing nucleic acids 
which comprise^: 

(a) deternfcining the presence or absence of one 
or morev particular nucleotide sequences, 
the presence or absence of each such 
nucleotides sequence being determined by 
the method\of claim 15 or 16; and, 



eac 



mcleotide base or bases 
.one Jbx more specific 
eotide base being 
ithod of claim 13 or 
specific position being 
determined Usinq/ a\iifferent primer. 



(b) identifying 
present at 
positions, 
identified 



14, and each such 




A method for identifying different alleles in a 
sample containing nucleic acidis which comprises 
identifying the nucleotide base or^ bases present at 
each of one or more specific positions, each such 
nucleotide base being identified by\the method of 
claim 13 or 14. 



30 22. A method for determining the genotype of ah organism 
at one or more particular genetic loci which 
comprises: 



35 



(a) obtaining from the organism a sample 
containing genomic DNA; and \ 
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15 



20 
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(b) identifying the nucleotide base or bases 
present at each of one or more specific 
positions in nucleic acids of interest, 
each such base or bases being identified 
^sing the method of claim J^_or^}A±__and 
hereby identifying different alleles and 
thereby, in turn, determining the genotype 
of rhe organism at one or more particular 
generic loci* 

23. A method of claiA 13 o r 14, w herein the conditions 
for the occurrenceVof the template-dependent, primer 
extension reaction In step (c) are created, in part, 
by the presence of\a suitable template-dependent 
enzyme. 



24. A method of claim 22^ 



writerein mhe template-dependent 



enzyme is E. coli DMA p\lymeijase I Jot the »K1 



polymerase, T7 
T. acruaticus 



enow 
DNA 
DNA 



fragment" thereof, \T4 I)NA 
polymerase ( "Sequenkse" ) \ 
polymerase, a retrovitfert. re\terse transcriptase, or 
combinations thereof. 
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25. 



A method of claim 13 or 14, wherein the nucleic acid 
of interest is~~~a deoxyribonucleic acid, a 
ribonucleic acid, or a copolymer of deoxyribonucleic 
acid and ribonucleic acid. 
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26. 



A method of claim 13_££_14_^wherein the pMmer is an 
oligodeoxyribonucleotide, an oligoribonucleotide, or 
a copolymer of deoxyribonucleic acid and ribonucleic 
acid. 



35 



27. A method of claim 13 j>r 14,, wherein the template is 
a deoxyribonucleic acid, the primer is \ an 
oligodeoxyribonucleotide, oligoribonucleotide, 
copolymer of deoxyribonucleot ides ari^ 
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15 



20 
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28. 



29. 



30. 



31. 
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ribonucieotides, and the template-dependent enzyme 
is a DNAy polymerase. 

A method o\ claim 13 or 14, wherein the template is 
a ribonucleic acid, the primer is an 
oligodeoxyribbnucleotide, oligoribonucleotide, or a 
copolymer \f deoxyribonucleotides and 
ribonucleotides/^ and the template-dependent enzyme 
is a reverse transcriptase. 



A method of claim 13\o 
a deoxyribonucleic 
o 1 igor ibonuc 1 eo t ide , 
polymerase. 



wherein the template is 
v acid, the primer is an 
id the enzyme is an RNA 



A method of claim 13-oc 
a ribonucleic acid, 
ol igoribonucleot ide , and 
enzyme is an RNA replicas* 



te: 



<n the template is 
: is an 
ate-dependent 




A method of claim 13^jar^A wheVeih, prior to the 
primer extension reaction ii\step\tc) , the template 
has been capped at its 3' end By^the addition of a 
terminator to the 3' end of the \template, said 
terminator being capable of terminating a template- 
dependent, primer extension reaction. 
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32. 



33, 



A method of claim 31, wherein the termii 
dideoxynucleotide. ^ 



itor is a 



A method of claim 13 or 14, wherein the nucleiix acid 
of interest has iSeerPsynthesized enzymatically in 
vivo, synthesized enzymatically in vitro, \ or 
synthesized non-enzymatically . 



34. A method of claim 13 or 14, wherein the\ 
oligonucleotide primer has been synthesized 



• ft 



-57- 

enzymatically in vivo, synthesized enzymatically in 
vitro, or synthesized non-enzymatically. 



35, 



A methdd of claim 13 or _JA-r — wherein the 
oligonucleotide primer comprises one or more 
moieties that permit affinity separation of the 
primer fromVhe unincorporated reagent and/or the 
nucleic acid of interest. 



10 36. A method of claito 35, wherein the oligonucleotide 
primer comprises\biotin which permits affinity 
separation of the )primer from the unincorporated 
reagent and/ or nuclerc acid of interest via binding 
of the biotin to stre^tavidin which is attached to 
15 a solid support. 



20 



37. A method of claim 13 or wherein the sequence of 
the oligonucleotide primer/^omprises a DNA sequence 



that permits affinity se 



sequence present in a n 
solid support. 



4ration\pf the primer from 



the unincorporated reagent and/or\ the nucleic acid 
of interest via base pairing\t^ \fi complementary 



icleic attid /attached to a 
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38, 



39, 



A method of claim 13orl4, wherein the nucleic acid 
of interest comprises one or more W> iet i. es that 
permit affinity separation of the nucleic acid of 
interest from the unincorporated reagent^nd/or the 
primer. 

A method of claim 38, wherein the nucleic aisid of 
interest comprises 'biotin which permits afAnity 
separation of the nucleic acid of interest from\the 
unincorporated reagent and/or the primer via binding 
of the biotin to streptavidin which is attached 
a solid support. 
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40. A method of claim 13 or 14 , wherein the sequence of 
the nucleic acid of interest comprises a DNA 
sequence that permits affinity separation of the 
nucleic acid of interest from the unincorporated 

5 re^aent and/or the primer via base pairing to a 

complementary sequence present in a nucleic acid 
attached to a solid support. 

41. A method\ of claim 13 or 14, wherein the 
10 oligonucleotide primer ifc~±abeled with a detectable 

marker . 

42. A method of cla\Lm 41, wherein the oligonucleotide 
primer is labeled with a detectable marker that is 

15 different from anyy detectable marker present in the 

reagent or attached\to the nucleic acid of interest. 

43. A method of claim 13 or 14, wherein the nucleic acid 
of interest is lab^lecKjrith a detectable marker. 

20 

44. A method of claim kz, wherein \he nucleic acid of 
interest is labeledrwith axietectable/ marker that is 
different from any IdetectaMA markM* present in the 
reagent or attache^ to the ^fr^mer. 

25 

45. A method of claim 13j&£j^ wherein the nucleic acid 
of interest comprises non-natural nucleotide 
analogs. 

30 46. A method of claim 45, wherein the Wi-natural 
nucleotide analogs comprise deoxyinosine oi^7-deaza- 
2 ' -deoxyguanosine. 

47. A method of claim 13 or 14, wherein the nucleic, acid 
35 of interest has been Synthesized by the polymerase 

chain reaction. 
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48. A method of claim 13 or 14, wherein the sample 
comprised genomic DNA from an organism, RNA 
transcripts thereof, or cDNA prepared from RNA 
transcripts\ thereof . 



10 



15 



49. A method of \claim 13 o r 14, wherein the sample 
comprises extragenomic DNA from an organism, RNA 
transcripts thereof, or cDNA prepared from RNA 
transcripts thereof. 

50. A method of clainL 13_-Or 14, wherein the primer is 
substantially complementary to the known base 
sequence immediately adjacent to the base to be 
identified. 



51. A method of claim 13 



r 14, wherein the primer is 
fully complementary td the known base sequence 
immediately adjacent to the base to be identified. 
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52. A method of claim lj^jar^l*, wfiferein the primer is 
separated from the nucleicWcid of interest after 
the primer extension reaction in step 7 (c) by using 
appropriate denaturing conditions. 



53. A method of claim 



rtierWl^i-/ the denaturing 
conditions comprise heat, alkali, formamide, urea, 
glyoxal, enzymes, and combinations thereof. 
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54. A method of claim 5 3^ w herein Ythe denaturing 
conditions comprise treatment with 0\.2 N NaOH. 



55. A method of claim 48, wherein the organism is a 
plant, microorganisnr^virus, or bird. 



35 



56. 



A method of claim 48, wherein the organism is a 
vertebrate or invertebrS€e . 
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57. A method of c\aim 48, wherein the organism is a 
mammal • 

58. A method of claim wherein the mammal is a human 
5 being. 

59. A method of claim 57, therein the mammal is a horse, 
dog, cow, cat, pig, or sheep. 




